This study describes the synthesis of Pani-Chitosan soluble hybrid composite through an in situ polymerization of aniline in hydrochloride acid media in the presence of chitosan. The optical, morphological, structural, thermal and electrochemical characteristics of these materials were studied by UV-Vis, FTIR, SEM, TG and CV analysis. From UV-Vis and FTIR, the formation of composite was confirmed. The SEM images show that Pani presented agglomerate morphology, while Pani-Chitosan composite shows plate-like morphology, with higher surface area and the TG results showed that Pani-Chitosan has greater thermal stability. The electrochemical measurements indicate that Pani-Chitosan material presents upper current density at all scan rates studied, sharper and shifted peaks to more negative potentials, indicating that the charge injection processes are easier. These results indicate that the composite material is promising for application in electrochromic devices and capacitors, because of its greater surface area, thermal and electrochemical stability.
Introduction
Intrinsically conductive polymers have been continuously studied since the discovery of the conductivity of polyacetylene in 1977 [1] . They are insulators or semiconductors in their pure form, but have their conductivity increased several orders of magnitude when doped [2] . Polyaniline (Pani) had its electrical properties discovered in the 80's, highlighting among the conductive polymers [2] . Its use is mainly due to easy synthesis and doping/dedoping process, low production cost, high reliability, multiple oxidation states, high theoretical capacitance (2000 Fg -1 ), high conductivity when doped, environmental stability, electrochemical, optical and electronic properties. On the other hand, the difficulties in its use are attributed to the poor electrochemical life cycle due to the alteration of volume and structure during the process of insertion/disintegration of the counter ions, their processability and low mechanical, thermal and electrochemical resistance. Several research groups looking forward to improve the Pani properties by synthesizing composites/hybrids materials with biopolymers, searching for the synergism between the properties of Pani (conductivity) and biopolymer (solubility, mechanical strength and electrochemistry) [3, 4] .
Pani and its composites have been applied as a sensor for Hg (II) [5] , volatile basic nitrogen molecules [6, 7] , aliphatic amines [8] , acetone [9] , toluene, triethylamine [10] , pheromone 2-heptanone [11] , estradiol, humidity [12] , corrosion protection [13] , electro-reduction of CO2 [14] , membrane for the ion separation [15] , removal Cu (II) in water [16] , capacitors [17] [18] [19] [20] [21] , battery [22] [23] [24] , fuel cells [25] , optical [26] , electroanalytic [27] , photoelectrochemical [28] and photocatalytic [29] applications. The chitosan is having -NH2 and -OH groups, which offers self-doping, one of the chemical advantages to interact with Pani, and enhances its properties.
Chitosan is a natural cationic polyaminosaccharide, obtained from the complete or partial deacetylation of chitin. This biopolymer has high hydrophilicity, important biological properties, biodegradability, biocompatibility and bioactivity [4] , non-toxic, low cost [30] , ability to form films, chemical inertia, high mechanical strength, antibacterial properties [31] . Its direct application is restricted by some factors, the most relevant is the low electrical conductivity and response time. In order to overcome these constraints, composites have been prepared by incorporating a rigid polymer network (conductive polymers) into the flexible polymer matrix (chitosan), combining good processability of chitosan with the electrical conductivity of conducting polymers [32] .
There are many studies regarding the use of Pani-chitosan materials as a sensor and in adsorption applications, but the majority of the studies describes the use of crosslinking agent and do not use in situ polymerization [31, [33] [34] [35] . Moreover, there is not a discussion about the capacitive behavior of the Pani-chitosan materials. The scope of this study was to develop simple, cost-effective, and environmental friendly synthesis of Pani-Chitosan hybrid via synthesis in situ. The proportion of chitosan was studied and structural, morphological and electronic characterization of the materials was discussed.
Material and Methods

Sample Preparation
The experimental procedure was adapted from the literature [36, 37] and is shown in Figure 1 
Characterization techniques
Ultraviolet-Visible experiments were done on a UV-Vis, UV-1800 Shimadzu spectrophotometer, using a quartz cuvette and N-methyl-2-pyrrolidone as the reference (Pani is not soluble in aqueous electrolytes), in the 300-1000 nm range. Infrared spectra (FTIR, Vertex 70, Bruker) were obtained using the attenuated reflectance technique (ATR) on zinc selenide crystals, with resolution of 4 cm -1 and 400 to 3500 cm -1 range. Morphology studies of polyaniline samples were carried out on a Scanning Electron Spectroscopy (VEGA3 TESCAN) operating with secondary electron. Thermal analysis (SDT Q600) measurements were performed by Thermogravimetric Analysis (TG) in the range from 20 to 800 ºC, with a heating ramp of 10 ºC min -1 , under N2 atmosphere. The electrochemical characteristics of the materials were evaluated by cyclic voltammetry using a μ-autolab potentiostate, Type III (Metrohm) and Nova software (version 1.10). The voltammograms were performed H2SO4 (0.5 mol L -1 ) as electrolyte, in a conventional three electrodes cell, which consist of working electrode, a platinum plate as counter electrode and Ag/AgCl (3 mol L -1 ) as reference electrode. We had chosen paste electrodes as the working electrode because the Pani-Chitosan material is soluble in the aqueous electrolytes. This working electrode was constructed using graphite, the active material (Pani or Pani-Chitosan) and 25% w/w of mineral oil as a binder, is related as the best proportion. The mixture was ground thoroughly in an agate mortar with a pestle for 20 min, and a homogeneous paste was obtained. It was studied the better proportion of active material (not shown) varying from 5 to 100%, and the best results were obtained with 10% of active material providing in the paste. The modified paste was placed firmly into a plastic syringe (0.0314 cm 2 ) with a copper wire as the conductor. To ensure an active and fresh surface, the electrodes were manually abraded gently on a sheet of paper between the experiments. Figure 2 shows the UV-Vis spectra of Pani and Pani-Chitosan samples in N-methyl-2-pyrrolidone. The UV-Vis spectra show the characteristic bands of Pani in the emeraldine salt form. The absorption band in 365 only appears at high levels of doping, because it comes from a combination of 360 e 440 nm bands, assigned to π-π* transition of benzenoid segment and polaron-π transition in quinoid rings, respectively. The band at 900 nm is relative to π-polaron transition [37, 38] . Furthermore, the π-polaron band has a displacement of 900 to 793 nm in Pani-Chitosan and it has a broad electronic transition "tail", it indicates the free-carrier absorption and extended chain conformation. These results is a good indicative of the interaction of Pani and chitosan chains [37] . [17] . The bands in 1438 [17, 21] and 1550 cm -1 [17, 21, 39] are assigned to stretching in benzene and quinoid rings, respectively, and are also used to estimate the oxidation degree of the polymer. The band at 1664 cm -1 is assigned to ν(C-C) stretching in benzene ring [40] . The shoulder, observed in 1580 cm -1 , is assigned to polaronic ν(C=C) stretching, active in the infrared only by means of alteration of symmetry, promoted by a conformational change of the Pani chains. Some of the bands are attributed to stretching of both Pani and chitosan, and confirm the formation of the composite: 783 and 3215 cm -1 are assigned to ν(N-H) stretching [39, 41] and 1281 cm Pani sample presented 3 stage of mass loss: the first stage occurs between 20-150ºC with mass loss of 13.13% relative to water loss, HCl and volatile components; the second stage, between 150-400ºC, with 6.08% of loss weight and is relative to release of oligomers and vaporization of dopant ions; the third and last stage, between 400-800ºC, with 14.61% of loss weight, is relative to degradation of the polymer chains of Pani and rupture of the benzene rings; and finally, 66.34% of residue [44, 45] .
Results and Discussion
Pani-Chitosan showed a very similar behavior compared to pure Pani sample, with lower loss weight until 330ºC, indicating an improvement in the thermal stability of Pani. In temperatures exceeding 330ºC, Pani-Chitosan presented higher lost weight than pure Pani, because in this temperature range, Chitosan chains start to degrade and the final mass is equal to Pani. The increase of thermal stability in Pani-Chitosan can be attributed to the increase of the intra and inter hydrogen bonds in the polymer chain of Pani, by the presence of hydroxyl, amino and acetyl groups of Chitosan [46] .
The electrochemical behavior of Pani is widely described in literature and two different processes can be described: the conversion from leucoemeraldine base to emeraldine salt and emeraldine salt to pernigraniline base. The position and shape of voltammetric peak changes according to the employed electrolyte and scan rate, because the charge compensation strongly depends on the proton diffusional process through in/out the polymer. . Both materials exhibit well-defined and reversible electroactivity. The two characteristic pairs of peaks of Pani at 0.24/0.03V and 0.87/0.83V are clear; the peak at 0.24V is higher due to high proton and anion current, while the reverse peak (0.03V) is less intense due to the lower mobility of the anions [47] .
There are a pair of redox peaks in 0.4-0.6V region, which are assigned to Pani degradation, and the formation of cross-links between the chains and redox processes in oligomers produced in the synthesis [28, 40] . Pani-Chitosan presented current density higher than pure Pani, 3.12 times at 500 mVs -1 for example, indicating that this material present a greater number of active sites available for the oxidation-reduction process.
The morphologies indicated by SEM images corroborate with cyclic voltammetry results, which are consistent with like a plate morphology of Pani-Chitosan sample, presenting a greater number of available active sites and a smaller ion diffusion path generating higher densities of current. On the other hand, pure Pani forms agglomerates, presenting a smaller active area, hindering the ionic diffusion through the material [38] . In addition, at high current densities, cyclic voltammetry curve of the Pani-Chitosan material exhibits a larger area among all materials, suggesting an excellent capacitance enhancement due to the interaction between Pani and Chitosan [48] . The currents of the 0.24V peak obtained at scan rates of 5, 10, 25, 50, 75, 100, 125, 150, 250 and 500 mVs -1 of Pani and Pani-Chitosan are compared in Figure 7 . Pani-Chitosan showed higher current than pure Pani in all scan rate studied. The difference is greater at higher scan rate, 3,12 times at 500 mVs -1 for example. These density current obtained are upper than those reported in literature to Pani and its composites, as Pani/WO3 [9] , Pani/CNT [20] , Pani/MoS2 [49] , Pani/Cu (II) [22] , Pani/Cu [45] and Pani/frGO [48] . In order to know the aspects related to the redox processes that occur in the studied materials, Figure 8 
Conclusions
In this study, a facile method for the synthesis of Pani-Chitosan plates with higher solubility was described. The composite synthesized was characterized by different analytical techniques such as UV-Vis, FTIR, SEM, TG and CV. FTIR and UV-Vis, which showed that hybrid material presents the characteristic bands of Pani in the emeraldine salt form, with small displacements to the region of greater energy, indicating an interaction of the polymer matrix of Pani with the chitosan chains. SEM images indicate that Pani presents morphology in the form of agglomerates, while Pani-Chitosan material presents fibrous morphology, indicating potential application in supercapacitors, due to its high surface area. The thermogravimetric analysis indicated that composite exhibit higher thermal stability than the pure Pani, which may be related to the interaction between the Pani and chitosan chains by means of van der Waals forces. The cyclic voltammograms show 2 pairs of characteristic Pani peaks. The hybrid material presented higher current densities at all studied scanning speeds and better defined peaks, indicating a greater number of accessible active sites and more facilitated loading injection processes. Morphologic, thermal and voltammetry characteristic of Pani-Chitosan indicate that the composite is a promising material for applications in electrochromic devices and capacitors, because of its greater surface area and electrochemical and thermal stability.
